The Cariaco Basin is the second largest of the world's anoxic pelagic systems and is the only large, truly marine, permanently anoxic basin (32) . Because of the basin depth (1,400 m) and the restricted circulation caused by a sill at 90 to 140 m, the Cariaco Basin contains no oxygen below depths of about 240 to 320 m. Previous studies of the geochemistry of the Cariaco Basin have shown that the system is not in steady state, because the concentrations of silica, phosphate, sulfide, and methane have increased over the last 25 years (32, 36, 37, 51) . However, Cariaco Basin waters are partially flushed from time to time, but the processes that trigger flushing and its frequency are still poorly understood. In the past, the major focus of research in the Cariaco Basin and similar systems has been on the transition zone (2, 12, 14, 16, 51) . Chemoautotrophy in the transition zone has been previously reported for both the Black Sea (15, 38, 44) and the Cariaco Basin (40, 44, 45) . The prokaryotic communities and the chemical environment of many permanently stratified basins have been investigated by traditional cultivation-dependent methods (31, 44) . Tuttle and Jannasch (44) isolated several sulfide-and thiosulfate-oxidizing bacteria from the redox interfaces of the Cariaco Basin and the Black Sea. Clearly, this environment, like the ocean at large, is undersampled with respect to bacterial diversity because the culturability of marine bacteria is presently less than 0.1% (17) .
Molecular biological approaches for studying microbial diversity have opened new perspectives for microbial ecology. Novel, cultivation-independent methods for studies of marine bacteria and archaea have revealed large numbers of unknown microorganisms, which appear to be largely unaffiliated with previous isolates from the same environment (5, 48) . Most of the research in marine molecular ecology has been directed toward microbial populations of the water column (5, 6, 47, 48) , marine sediments (10, 19, 30, 50) , arctic ice (4) , and salt marsh sediments (24, 33) . Molecular ecological methods have also been used to study the distribution of bacterial popula-tions in a fjord that is stratified and anoxic most of the time (Mariager Fjord, Denmark) (29, 41) . However, comprehensive descriptions of microbial communities in anoxic water columns have not been reported previously.
This study focused on microbial communities in the anoxic zone of the Cariaco Basin, which has the advantage of being a relatively stable environment in which only the amount of substrate delivered from surface waters varies (40) . Thus, analysis of 16S ribosomal DNA (rDNA) libraries obtained from one cruise has a high probability of being representative of the Cariaco Basin system in general. We postulate that the microbial community in the anoxic zone of the Cariaco Basin should resemble that of sediments more than that of oxic water columns. Using the 16S rDNA library approach, we examined vertical distributions of prokaryotic populations with depth for samples collected at the CARIACO time series station on 8 November 1996 (CAR25). Compositions of prokaryotic communities in the oxic water column have been more or less well studied (5, 6, 9, 47, 48) , and many species appear to be cosmopolitan in distribution. Therefore, further study of surface waters in the Cariaco Basin seemed to be unwarranted, and previously published phylogenetic libraries were used in our comparisons.
The commonly observed distribution patterns of redox-sensitive elements and microbial abundance suggest that microorganisms in the Cariaco Basin (40) proliferate in response to gradients of specific sources of energy (reduced organic and inorganic compounds) and terminal electron acceptors (oxygen, nitrate, elemental sulfur, and oxidized metal). The identities and physiological capabilities of the prokaryotes in the layers are very poorly understood. A census of community diversity is the initial step towards the challenging goal of assigning specific microorganisms to particular biogeochemical processes.
MATERIALS AND METHODS
Water sampling and analyses. Three water column samples were collected during a cruise on 8 November 1996 at a single sampling site located in the eastern basin of the Cariaco Basin system (10°30ЈN, 64°40ЈW) at depths of 320, 500, and 1,310 m. The samples were collected by using standard 8-liter Niskin bottles. For DNA extraction, 2 liters of seawater was filtered through Durapore membrane filters (diameter, 47 mm; pore size, 0.2 m; Millipore). The membrane filters were then shredded and immediately immersed in 4.5 ml of autoclaved DNA extraction buffer (20 mM Tris-HCl [pH 7.5 to 8.2], 50 mM EDTA, 20 mM NaCl) and stored frozen (Ϫ20°C) until DNA was extracted. Complete depth profiles for physical properties, nutrients, sulfide, oxygen, bacterial counts, biomass, production, and dark CO 2 fixation for this cruise have been published elsewhere (40) .
DNA extraction and purification. The procedure used for extraction of chromosomal DNA is a modification of a procedure described by Xu and Tabita (49) . This procedure employs enzymatic and detergent-based lysis, which is a relatively gentle method that avoids excessive shearing of DNA, produces DNA of suitable quality for PCR, and reduces the risk of chimera formation during PCR. DNA was extracted from thawed membranes by adding 0.5 ml of 10% sodium dodecyl sulfate and 250 l of a proteinase K solution (10 mg/ml), followed by incubation at 50°C for 10 min and freezing for 15 min. This freeze-thaw procedure was repeated two more times. The thawed mixture was extracted twice with watersaturated phenol (neutralized with 0.5 M Tris-HCl buffer, pH 7.8 to 8.5) and extracted once with a chloroform-isoamyl alcohol (24:1) solution. Nucleic acids were precipitated by adding 0.1 volume of 3 M sodium acetate (pH 5.2) and 2 volumes of chilled 95% (vol/vol) ethanol. The mixture was incubated at Ϫ80°C for at least 20 min and then centrifuged at 21,000 ϫ g for 10 min. The DNA pellet was washed with 70% ethanol, left to dry in a desiccator for 10 to 15 min, and then dissolved in 100 l of sterile high-performance liquid chromatography grade water (Sigma) and stored at Ϫ20°C. 4 for Deep Vent polymerase, 1 mM concentrations of deoxynucleoside triphosphates, 2.5 M primer 530F, 2.5 M primer 1494R, and 1.5 U of Taq polymerase or 1 U of Deep Vent polymerase. After all reagents were mixed and kept at 0°C, DNA was amplified by using a microprocessor-controlled heating block (Crocodile III; Appligene SA, Illkirch, France). Prior to amplification, DNA was denatured at 92°C for 5 min. Forty cycles of PCR were then performed at 92°C for 1 min (95°C for Deep Vent polymerase), 50°C for 30 s, and 72°C for 1 min, followed by 72°C for 3 min (3).
The universal primers used to amplify small-subunit ribosomal genes were as follows: 530F (5Ј-GCTCTAGAGCTGACTGACTGAGTGCCAGCMGCCGC GG-3Ј; position 530 to 546 [Escherichia coli numbering]) and 1494R (5Ј-GCTC TAGAGCTGACTGACTGAGGYTACCTTGTTACGACTT-3Ј; positions 1494 to 1523 [E. coli numbering]). Each primer contained an additional sequence (underlined) that has the stop codon TGA in all three reading frames. The sequence TCTAGA (restriction site of endonuclease XbaI) was introduced into the 5Ј end of each primer. PCR products were purified by using a Wizard PCR Preps DNA purification system (Promega) according to the manufacturer's instructions.
The 530F and 1494R primers chosen for this research are universal primers which preferably amplify a 1-kb portion of the bacterial and archaeal 16S rRNA gene. The resulting PCR fragment contains a conserved region (nucleotides 531 to 785 [E. coli numbering], adjacent to the 530F primer binding sequence), hypervariable region V9, and a portion of region V8 (nucleotides 1253 to 1492 [E. coli numbering], adjacent to the 1494R primer binding sequence).
16S rDNA library construction. In order to generate the 320-m 16S rDNA library, three different cloning strategies were used. If Deep Vent DNA polymerase was used for PCR amplification, blunt end ligation was carried out with pBluescript II SK(ϩ) digested with restriction endonuclease EcoRV and PCR products. Thirty-eight clones in the library were generated by using this approach. Since Deep Vent DNA polymerase has a proof-reading activity, we made sure that inserts from the clones contained the complete primer sequences; i.e., the primer-template duplex was not proof read by Deep Vent DNA polymerase. For PCR products obtained from PCR performed with Taq polymerase, either cohesive end ligation was performed by digestion with restriction enzyme XbaI and ligation into the commercial vector pBluescript II SK(ϩ)(Stratagene, La Jolla, Calif.) linearized with XbaI (four clones in the library) or PCR products were directly cloned into the pGEM-T vector (18 clones in the library). The four XbaI-generated clones in the library were chosen at random and not on the basis of the correct size (1 kb) of the insert. Each ligation mixture consisted of 7.5 l of purified PCR product, 5 Weiss units of T4 ligase, 1ϫ ligation buffer (Boehringer, Indianapolis, Ind.), and 25 ng of linear pBluescript II SK(ϩ) or pGEM-T. Ligation mixtures were incubated at 16°C overnight. For the 500-and 1,310-m 16S rDNA libraries, only Taq DNA polymerase was used. Purified PCR products were ligated directly into the pGEM-T vector by using a 2ϫ rapid ligation kit according to the instructions of the manufacturer (Promega). Ligation mixtures were used to transform competent cells of
by the procedure of Sambrook et al. (35) or by using commercially available high-efficiency competent cells of E. coli JM109 according to the suggestions of the manufacturer (Promega).
Template preparation and sequencing. Plasmid DNA was isolated from randomly picked white colonies by a boiling method (35) . Restriction fragment length polymorphism (RFLP) analysis of isolated plasmids was carried out by digestion with HinfI and HaeIII (New England Biolabs). DNA band patterns were visualized by electrophoresis in 2% Tris-borate-EDTA (TBE)-agarose gels (35) . Single-stranded DNA was isolated from each clone representing an individual HinfI/HaeIII pattern according to Stratagene instructions and by using the VCM13 helper phage (Stratagene). Single-and double-stranded DNA sequencing was carried out with an ABI Prism BigDye terminator cycle sequencing ready reaction kit (Perkin-Elmer, Foster City, Calif.). Plasmids which were pGEM-Tderivatives were sequenced with primer Ϫ21 M13 (5Ј-GTAAAACGACGGCC AGT-3Ј). Plasmids which were pBluescript II SK(ϩ) derivatives were sequenced with primer KS (5Ј-GAGCTCCAGCTGCCATAGЈ-3). Sequences obtained with primers Ϫ21 M13 and KS were ϳ500 bp long. In order to complete sequences of all or parts of the 1-kb fragment (amplified with primers 530F and 1494R), the following additional primers were used for sequencing: 16SF (5Ј-ACRGGATT AGATACCCVGG-3Ј; positions 781 to 799 [E. coli numbering]) and 16SR (5Ј-CCATTGTAVACAGGTGTDGCCC-3Ј; positions 1219 to 1241 [E. coli numbering]).
Preparation of phylogenetic trees and phylogenetic assignment. Sequences retrieved from the Cariaco Basin 16S rDNA libraries were compared to the 16S rDNA sequences available in the 16S rRNA database by using the SEQUENCE_ MATCH program from the Ribosomal Database Project (RDP) (20) and to sequences in the GenBank database by using the FASTA program (Wisconsin Package, version 9.1, of the Genetics Computer Group). The presence of chimeric sequences in the libraries was determined by using the CHECK_CHIMERA program from RDP.
For alignment, the rDNA clone sequences were separated into the following three groups: (i) sequences sequenced through a conserved region (adjacent to the primer 530F sequence) (group A), (ii) sequences sequenced through hypervariable region V9 and a portion of V8 (adjacent to the primer 1494R sequence) (group B), and (iii) sequences with the complete 1-kb sequence (group C). Sequences from each group were then aligned with their closest relatives by using the programs PILEUP (Genetics Computer Group) and ClustalW (J. Thompson and T. Gibson, European Molecular Biology Laboratory, Heidelberg, Germany) and representatives of the major phylogenetic taxa. Portions of the complete 1-kb sequences were also introduced into the alignments of the group A and B sequences. Trees were constructed by using two independent algorithms: distance analyses with Jukes-Cantor corrections (DNAdist) and FITCH from the PHYLIP package (J. Felsenstein, PHYLIP [Phylogeny Inference Package], version 3.57c) and maximum likelihood (DNAml program, also from PHYLIP). In order to determine confidence values for individual branches of each final tree, bootstrap analysis was applied to each tree generated by using the SEQBOOT and CONSENSE programs from the PHYLIP package.
Nucleotide sequence accession numbers. The sequences of the Cariaco Basin rDNA clones have been deposited in the GenBank database under accession numbers AF224775 to AF224872.
RESULTS

Construction and analysis of 16S rDNA gene libraries.
DNA extracted from samples harvested from three anoxic depths in the Cariaco Basin was amenable to direct PCR amplification. The highest yield of chromosomal DNA was obtained with the 320-m sample, which agrees with the bacterial abundance trends measured for the cruise (40) . Several independent sublibraries (independent repetitions of PCR and ligation reactions and transformations) were created for each depth. Clones of all sublibraries from a given depth were mixed to create three final libraries representing the three depths.
From the 320-, 500-, and 1,310-m libraries, 61, 56, and 65 colonies, respectively, with 1-kb inserts were randomly selected and screened by RFLP analysis. From these clones, 32, 45, and 59 unique RFLP band patterns, respectively, were identified. Further sequencing analysis confirmed that only 10, 32, and 44 clones, respectively, contained unique DNA sequences. Sequences which differed by less than 0.1% were consider identical. Thus, the 1,310-m library had the highest percentage of unique sequences among the three libraries, and the 320-m library had the lowest. The presence of chimeric sequences was determined by using the CHECK_CHIMERA program from RDP. The chimeric sequences identified (Table 1) were not included in further phylogenetic analyses. The 16S rDNA sequences are summarized in Table 1 ; sequences from the 320-, 500-, and 1,310-m libraries have the suffixes "a," "b," and "c," respectively, in their designations.
Close relatives of the nonchimeric sequences identified by searches in the RDP and GenBank databases are shown in Table 1 . Since the 1-kb 16S rDNA fragments were not directionally cloned into pGEM-T and pBluescript II SK(ϩ), the sequences were divided into two groups: sequences containing the more conserved regions (group A) and sequences containing more variable regions (group B). For several clones, the complete sequence of the 1-kb insert was determined (group C). In Table 1 , group A clones are identified by the suffix "f" and group B clones are identified by the suffix "r". Clones whose complete 1-kb inserts were sequenced (group C) have no "f" or "r" suffix. Three separate trees were constructed (see Materials and Methods) for each group of sequences by using two independent algorithms. Comparable portions of the group C sequences were also introduced into the alignments of the group A and B sequences. The positions of group C sequences were identical in all three trees, and therefore, trees containing only these sequences are not shown. Trees for the bacterial group A and C sequences and for the bacterial group B and C sequences are shown in Fig. 1A and B, respectively. Archaea and members of the ε subdivision of the division Proteobacteria (ε-proteobacteria) were placed on separate trees, and only trees for the group A and C sequences are shown in Fig. 2 and 3 . Distance and maximum-likelihood algorithms generated essentially identical trees, and only trees constructed with distance-based methods are shown.
In many cases, our phylogenetic placement of a sequence on a tree coincided with the placement of the sequence based on the closest relative found in databases. However, in a few cases, such as Car33fb, Car40rc, Car116rc, Car121rc, and Car124rc, the level of similarity with a close relative was low, and these sequences were affiliated based on their positions in the phylogenetic trees. In many cases (Car60fc, Car11fa, Car136b, Car30c, Car40rc, Car119rc, Car124rc, Car731c, Car63a, and Car33fb), Cariaco Basin clones were affiliated with candidate divisions and subdivisions, which made it impossible to hypothesize about their nearest cultivable relatives and their possible physiology. Surprisingly, several sequences in the Cariaco Basin 16S rDNA libraries were related to cultivable bacteria. 16S rDNA sequences of clones Car56rc, Car114fc, Car117fc, Car39fc, Car123rc, and Car2a appeared to be affiliated with the genera Sphingobacterium, Flavobacterium, Alcaligenes, Citrobacter, Photobacterium, and "Thiomicrospira," respectively. Sequences of clones Car70c, Car43fc, Car140fb, and Car92rb were affiliated with Pseudoalteromonas and Moritella spp. In addition, several sequences retrieved from different environmental samples by other researchers exhibited relatively high levels of identity (up to 96%) with Cariaco Basin sequences.
Bacteria in the Cariaco Basin anoxic zone. The majority (95%) of the sequences retrieved belonged to bacteria, and the division Proteobacteria was the dominant division. Bacterial sequences belonging to the following major divisions were identified: Cytophaga-Flexibacter-Bacteroides, fibrobacteria, planctomycetes, Verrucomicrobia, the OP8 and OP3 candidate divisions, and the ␤, ␦, ␥, and ε subdivisions of the Proteobacteria (Fig. 1A and 1B) . Only three of the proteobacterial sequences (Car33fb, Car63a, and Car731c) could not be affiliated with any known proteobacterial subdivision. Therefore, these sequences appear to represent two new candidate subdivisions in the proteobacteria. Car33fb was tentatively assigned to the NC1 subdivision, and Car731c and Car63a were tentatively assigned to the NC2 subdivision. Only representatives of OP3 and the ␥, ␦, and ε subdivisions of the Proteobacteria were found at all three depths. 
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Bacteria in the 320-m library. Of the 60 nonchimeric sequences in the 320-m 16S rDNA library, 56 (93.2%) belonged to the ε subdivision. One of the remaining four sequences belonged to each of the following groups: candidate division OP3 and the NC2, ␥, and ␦ subdivisions of the Proteobacteria. Within the ε-proteobacteria, most of the sequences belonged to an as-yet-uncultured group first identified by Polz and Cavanaugh (28) as ectosymbionts of the shrimp Rimicaris exoculata (Fig. 2) . Below, this group is referred to as the epsilon symbiont relatives (ESR). Three remaining ε-proteobacteria clustered with Arcobacter and "Thiomicrospira" spp. The only chimera found in the 320-m library also contained a portion of ESR 16S rDNA.
Bacteria in the 500-m library. The 500-m library was more diverse, containing sequences from members of the fibrobacteria, the Flexibacter-Cytophaga-Bacteroides division, the Verrucomicrobia, the Proteobacteria, and the OP3 candidate division. The proteobacteria included representatives of the ␥, ␦, ε, and NC2 subdivisions, and ␥-proteobacteria were dominant (25.6%). As in the 320-m library, the majority of the ε-proteobacteria appeared to be ESR. Fibrobacter and its relatives comprised the second largest group in the library (23.6%), followed by ␥-proteobacteria, ␦-proteobacteria, and ε-proteobacteria.
Bacteria in the 1,310-m library. The 1,310-m library had the highest percentage of unique sequences; 59 nonchimeric clones in the library contained 38 unique sequences belonging to members of the planctomycetes, the fibrobacteria, the Flexibacter-Cytophaga-Bacteroides division, the Proteobacteria, and the OP3 and OP8 candidate divisions. The proteobacteria included representatives of the NC2, ␤, ␥, ␦, and ε subdivisions. ESR sequences were present in the 1,310-m library but comprised a much lower proportion of the clones (8.5%). Compared to the 500-m library, the 1,310-m library contained a lower proportion of fibrobacterial and ␦-proteobacterial sequences. The largest group of bacteria at this depth was the ␥-proteobacterial group, particularly Pseudoalteromonas/Moritella sp. strain Car70c. The 500-and 1,310-m libraries shared several identical sequences (including Car53c, Car56rb, Car92rb, and Car54fc), two groups of nearly identical sequences (represented by Car129rc and Car70c), and a group of closely related sequences (Car128fc, Car91fb, Car141fb, and Car149fc).
ESR found in all three libraries were closely related to each other and did not comprise three different subgroups corresponding to three individual libraries.
Archaea in the anoxic zone of the Cariaco Basin. No archaeal sequences were retrieved from the 320-m library. One archaeal sequence was present in the 500-m library (2% of all microorganisms in the library) and eight archaeal sequences were present in the 1,310-m library (13.6%). All archaeal sequences fell into two groups; one group was represented by two clones belonging to the kingdom Crenarchaeota, and the other included the remaining archaeal sequences in both libraries. The former group is closely related to the clone Archaeon C20 (Table 1 and Fig. 3 ) from Irish coastal waters, whose metabolism is unknown (22) . The latter group is distantly related to cultured members of the kingdom Euryarchaeota. However, in the archaeal tree (Fig. 3) all sequences in this group appear to be related to the Eel-TA1f2 sequence retrieved from methane seep sediments in the Eel River basin (13) . All Euryarchaeota sequences from the Cariaco Basin clustered together on the trees, forming a monophyletic clade confirmed by bootstrap analysis (Fig. 3) .
DISCUSSION
Investigations of the compositions of microbial communities are important steps in understanding the role of bacterial and archaeal populations in biogeochemical processes. Due to poor culturability of natural bacteria, particularly anaerobic bacteria, we used molecular approaches based on rDNA sequences to investigate microbial community structure in the anoxic Cariaco Basin. However, we caution that the 16S rDNA library strategy for sequence retrieval contains several sources of potential bias. A bias caused by the reannealing kinetics of product molecules can skew gene frequencies when PCR product concentrations exceed threshold values (39) . Another important potential bias is that organisms belonging to the domain Archaea have been found to have only one or a few gene copies of the 16S rRNA gene, while members of the domain Bacteria can have from one to seven or more copies, which may bias amplification towards the Bacteria (26) . Therefore, the frequency of rDNA clones should be regarded as qualitative information on community composition. Nonetheless, 16S rDNA libraries have provided valuable qualitative descriptions of microbial diversity that allow comparisons between communities in different environments (39) .
We created 16S rDNA libraries for three microbial community samples collected at depths of 320, 500, and 1,310 m. Oxygen measurements (40) have shown that all three samples were collected from the anoxic zone of Cariaco Basin. The composition of the 320-m library was markedly different from Theoretically, the differences in composition may have arisen from differences in the PCR and/or cloning strategies used in the construction of the three libraries. Unlike the 500-and 1,310-m libraries, the 320-m library was constructed by using three cloning strategies. Thirty-eight clones in this library were generated by blunt-end cloning of DeepVent polymerase-generated PCR products, and 18 clones were generated by cloning Taq polymerasegenerated PCR products into pGEM-T. In contrast, all clones in the 500-and 1,310-m libraries were generated by using only the latter cloning technique. However, we observed that the compositions of the two 320-m sublibraries were identical, indicating that use of either of the two cloning strategies does not introduce artifacts during library construction. Since the diversity of the 320-m library is so low, the 18-clone sublibrary alone appears to be large enough to claim that the microbial community at this depth is substantially different from the communities in the 500-and 1,310-m samples.
The difference between the 320-m sample and the two other samples may be explained by different chemical conditions at the three depths. Nitrogen cycling and particularly iron and manganese cycling may be important for bacterial populations at 320 m since some oxidized forms of these elements may be available (40) . Hastings and Emerson (12) have shown that concentration of elemental sulfur peaks immediately above the O 2 -H 2 S interface, suggesting that S 0 may also be available as an oxidant below this interface. Furthermore, several sources may supply energy to communities at 320 m; these include sedimenting organic detritus from above, H 2 S from below to fuel chemoautotrophy, and organic by-products from chemoautotrophy (40) . Thus, the presence of several electron acceptors and donors is likely to be the reason why the 320-m microbial community is so different from the communities at the two other depths. The chemical conditions at 500 and 1,310 m appear to be very similar; the H 2 S concentration only increases from 23 to 70 M and the concentrations of terminal FIG. 2. Phylogenetic relationships of partial 16S rDNA sequences from 10 unknown ε-proteobacterial clones in the 320-m (designations with the suffix "a"), 500-m (designations with the suffix "b"), and 1,310-m (designations with the suffix "c") Cariaco Basin libraries and 14 ε-proteobacterial sequences from RDP and GenBank databases. Sequences from nucleotide 531 to nucleotide 1040 (E. coli 16S rRNA numbering) were aligned and placed in the tree. The sequences were aligned with ClustalW; distance matrices and phylogenetic trees were constructed by using the Jukes-Cantor and Fitch-Margoliash algorithms, respectively. Bar ϭ 0.01 change per sequence position. The numbers at the nodes are bootstrap confidence values expressed as percentages of 100 bootstrap replications. Bootstrap values less than 50% are not shown.
electron acceptors (SO 4 2Ϫ and CO 2 ) remain fairly constant. Indeed, there is some similarity in the compositions of the microbial communities at these depths. In both libraries ␥-, ␦-, and ε-proteobacteria are present. However, the number of ␦-and ε-proteobacterial clones decreases with depth whereas the proportion of ␥-proteobacterial clones increases. The major differences between the 500-and 1,310-m libraries are that (i) fibrobacterial sequences are dominant in the 500-m library and they almost disappear at 1,310 m and (ii) the number of archaeal sequences in the libraries substantially increases with depth.
Overall, the diversity of 16S rDNA sequences in the 1,310-m sample is not typical of a water column but rather resembles that of a sediment or soil (10, 18, 19, 30, 50) . One possible explanation is that the 1,310-m sample area is approximately 60 m off the bottom and motile sediment bacteria migrate up in the water column. Another possible explanation is that seismic activity or mass wasting on the basin's walls causes turbidity flows and thereby resuspends sediments and associated microorganisms (42) . Resuspended bacteria and small particles may remain in the water column long after the sediment settles because of their negligible settling velocities.
The compositions of microbial communities from the deep Cariaco Basin resemble the compositions of microbial communities from several anoxic sediments. For example, Cariaco Basin sequences are related to sequences from deepwater sediments collected around the Japanese islands (19) . Members of the OP3 candidate division, Car136r and BD3-9, are found in Cariaco Basin water and Japanese island sediments, respectively. Sequences belonging to members of the planctomycetes division in the Cariaco Basin libraries (Car65rc, Car68rc, and Car122fc) are similar to the sequence of clone BD2-3 from Suruga Bay sediments (19) . The Cariaco Basin ␦-proteobacterial sequence Car86rb is 93.5% similar to the sequence of clone BD7-15 from the Calyptogena community in the Japan Trench (18) . ESR closely related to the Cariaco Basin ESR have been found at other locations, including the sediments around the Japanese islands (18, 19) . Thus, our results support the hypothesis that the deep Cariaco Basin water column is similar to anoxic sediment, but vertical distribution gradients vary over tens of meters rather than millimeters to centimeters.
-Proteobacteria. ESR bacteria belonging to the ε-proteobacterial subdivision are found in all three Cariaco Basin libraries. The closest relatives of the ESR are groups of bacteria found in the Sulfur River (1) and deepwater sediments (18, 19) . Cariaco Basin, Sulfur River, and deepwater sediment sequences exhibit 94 to 96% identity for bases 530 to 1494 (E. coli numbering) of 16S rRNA. Other close relatives include clone SB-17 from a sulfate-reducing consortium (27) and ectosymbionts of R. exoculata (28) and Alvinella pompejana (11) . Our phylogenetic analysis showed that all these sequences comprise a distinct taxonomic group, which is more related to the Thiovulum-Campylobacter group than to the HelicobacterWolinella group (Fig. 3) .
Little is known about the biology of ectosymbionts and their relatives. The R. exoculata and A. pompejana symbionts, as well as Thiovulum spp., are apparently aerobic autotrophic sulfide oxidizers. The ectosymbiont of R. exoculata forms a mat at a Mid-Atlantic Ridge hydrothermal vent site, colonizes shrimp bodies, and is a dominant bacterium in this environment (28) . The environment of Sulfur River is conducive to sulfide oxidation, suggesting that local ESR are also involved in sulfide oxidation. Several cultured ε-proteobacteria are able to oxidize sulfide anaerobically (8, 25, 43) . Thus, we hypothesize that ESR are sulfide-oxidizing bacteria. Their presence in the 320-m library also suggests that they are responsible for dark CO 2 fixation observed at this depth (40) . Several potential electron acceptors may be available at 320 m for ESR. Although oxygen is not present at this depth, these organisms may respire nitrate or manganese or iron oxides. ESR were also found in the 500-and 1,310-m libraries. If they were anaerobic sulfide oxidizers, they would not have any electron acceptors available at these depths. Consistent with the absence of electron acceptors, no dark CO 2 fixation was detected at depths below 350 m during the November 1996 cruise (40) . One possible explanation is that the ESR at 500 and 1,310 m are transported from 320 m by sinking organic debris and are not members of the local active microbial community.
Another interesting possibility is that ESR in the Cariaco Basin may be ectosymbionts of larger eukaryotic organisms. Zubkov et al. (52) reported that in the Black Sea one group of ciliates (species belonging to the order Scuticociliatida) populated the upper layer of the H 2 S zone and that a significant proportion of them possessed ectosymbiotic bacteria. In the Cariaco Basin during the November 1996 cruise, elevated concentrations of flagellated and ciliated protozoans were evident both in the oxygenated upper 200 m and in the anoxic water of the transition zone (Taylor, unpublished data). The depth distributions of both groups of protozoans mirrored the profiles obtained for total bacterial numbers and productivity. The dark CO 2 uptake peak (330 m) coincided with elevated numbers of flagellates but not ciliates (data not shown). No large ciliates or ciliates with ectosymbionts have been documented for the Cariaco Basin yet.
The sequences Car2a and Car107fb came from bacteria closely related to "Thiomicrospira denitrificans." "T. denitrificans" is a strictly anaerobic, autotrophic, sulfide-oxidizing denitrifier (25, 43) . A bacterium with this metabolism would be well adapted to the Cariaco Basin environment just below the O 2 -H 2 S interface. Nitrate and nitrite typically penetrate 10 to 20 m deeper than O 2 in the Cariaco Basin water column, so potentially sulfide can be oxidized at the expense of nitrate by chemoautotrophic bacteria.
Two sequences in the 320-m library belonged to members of the genus Arcobacter. The genera Arcobacter and Campylobacter are closely related and are both microaerophiles (21) . Although some Campylobacter spp. are able to use elemental sulfur as an electron acceptor, the ability of Arcobacter species to respire elemental sulfur has never been studied; however, this genus has other respiratory pathways similar to those of the genus Campylobacter (dimethyl sulfoxide, succinate, and nitrate pathways).
Microbial communities in the Cariaco Basin at depths of 500 and 1,310 m. Many sequences in the 500-and 1,310-m libraries belong to members of candidate divisions or subdivisions or show low levels of similarity with their closest sequenced relatives. This makes any inferences concerning their possible metabolism or role in the microbial community impossible. Other sequences came from bacteria which could be phylogenetically affiliated rather accurately, but these sequences occurred at low frequencies in the libraries and are likely to be insignificant for Cariaco Basin ecosystem functioning. Of the sequences in the 500-m library, the SAR406-OSC307-related sequences comprise the largest group. SAR406 and OCS307 sequences were initially identified as cosmopolitan sequences found in oxic pelagic systems (9) . The Cariaco Basin relatives of SAR406 and OCS307 are relatively distantly related to each other and to cultured Fibrobacter representatives, which are strictly anaerobic fermentative bacteria. Therefore, it is impossible to make any metabolic inferences about them. ␥-Proteobacterial and ␦-proteobacterial sequences comprise two other large groups found in the 500-m library. Based on levels of identity to their closest relatives, it is reasonable to speculate that at least some of them belong to fermentative bacteria and sulfate reducers, respectively. Close association of these two physiological groups is ecologically advantageous; fermenters can supply sulfate reducers with electron donors, and in turn sulfate reducers can remove inhibiting products of fermentation, such as molecular hydrogen and formate.
There were fewer sulfate reducers and fermenters in the 1,310-m library than in the 500-m library. Another relatively large group of sequences in the 1,310-m library belongs to the Euryarchaeota. Although these sequences are distantly related to sequences retrieved from a methane seep in the Eel River basin (13), they cluster together on our trees. Hinrichs et al. (13) have suggested that unusual Eel River Euryarchaeota are able to oxidize methane anaerobically. The Cariaco Basin is rich in methane (37) , and therefore, this type of metabolism might be expected in this environment.
Sequences related to operational taxonomic group PVB18 (23) were present in large numbers in both the 500-and 1,310-m libraries. PVB18, which initially was discovered as a member of the mat community of the underwater volcano Mount Pele (23) , and its Cariaco Basin relatives are closely affiliated with Pseudoalteromonas haloplanktis and Moritella marina and are more distantly related to Shewanella spp. and Ferrimonas spp. (34) . Despite the fact that the P. haloplanktis and M. marina 16S rRNA sequences exhibit 98% identity (34; unpublished data), these organisms were classified in two different genera (7) . The majority of bacteria belonging to the genus Pseudoalteromonas are strictly nonfermentative aerobes (8) , whereas M. marina is a facultative fermenter (46) . Thus, we can only speculate that the Cariaco Basin PVB18 relatives possess fermentative metabolism.
Further research is required to corroborate our hypothesis about the role of ESR in sulfur cycling in the Cariaco Basin. We are planning to amplify ribulose-1,5-bisphosphate carboxylase genes from the 320-m DNA sample and to verify that they are indeed linked to the 16S rRNA gene(s) of ESR. Direct measurements of sulfur cycling also must be made to test the hypothesis that there is coupling of sulfur to metal (iron and manganese) cycles in the Cariaco Basin.
